ADDITIONAL CAPABILITIES OF THE UNIFIED WAVES MODEL

Introduction
This brief report outlines developments that have been added to the unified waves model to extend its capability beyond that described by Witting (1982) .
These include: 1) inclusion of a variable depth,
2) addition of a wavemaker, and 3) inflow-outflow boundary conditions.
Section 2 displays the new capabilities, and Section 3 provides details of the developments. Figure I shows results for a run in a channel of variable depth, with a wave train generated by a wavemaker. Between x -80 and x = 160 the channel shoals linearly from one depth to a depth ten times smaller. Distances are non-dimensionalized with the deep undisturbed depth being unity ( The spacing is such that a disturbance that travels at a speed~ih-(h,, is the depth at the left) would show up along a ± 450
Displays of the New Capabilities
angle in the figure. When the wave shoals it gets higher and thinner.
Before the end of the run the numerical results show a wave with "higher *The analysis and numerical methods conserve exactly those linear quantities that should be conserved from the exact prognostic equations resulting from applying the continuity and Euler equations to the situation (Witting and McDonald, 1982 derive the form used). These conserved quantities are the integrated mass and an integrated surface velocity.
The model involves approximations, however, and physical energy is not conserved exactly, though the code is reversible, so that no "numerical" dissipation is introduced.
The experience gained from running the model in a variety of problems is that energy is conserved rather precisely for physical conditions where waves are not breaking, but not so precisely for physical conditions where the waves would be breaking. Indeed, the model usually , becomes rapidly unstable at wave amplitudes near (usually above) the breaking point.
The inclusion of local dissipation to simulate breaking waves would be desireable both to improve the model and to stabilize it. The analysis presented in Witting (1982) is valid for waves in channels of gradually varying breadth and depth. In the initial computer implementation, however, the depth was set to unity, and the "h" that appeared in the analysis was replaced by l+n(x,t) To get the depth into the problem, it was necessary only to replace I+n(x,t) with ho(X) + n(x,t), where ho(x) is the undisturbed depth normalized to a depth somewhere in the channel, xo, say, where ho(xo)ml. 
3B. Wavemaker
A wavemaker was needed to be able to continuously deposit energy with known frequency and wavelength content into the channel, preferably near one end. Pumping water into and out of the channel from an end produced waves with ragged waveforms. An alternate procedure, pumping water without horizontal momentum into and out of the channel at several grid points near an end produces waveforms of the quality of those shown in Figs (lc-lj).
The procedure for designing the wavemaker employs linear water wave theory.
where n is the elevation above still water level, u is the vertically averaged horizontal velocity, us is the horizontal component of surface velocity, Q(x,t) is a mass source (the zero on the right side of (2) We want to find Q(x,t) such that a nice wave comes out. We do this by writing the elevation as a function that behaves like a progressive wave as
x-and as a standing wave with antinode at x=O at the wall where the velocity vanishes. We take a steady-state solution.
For Fig. I 
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In the numerical model source terms are inserted to permit mass injection at each time step of the form of (5), with k, no, and a beig inputted parameters, and w being evaluated from the linear dispersion relation.
The data used to make the wave shown in Fig. I are: n kh -1.0; __2 = 0.1;
After a short time the wave train has acquired some of the characteristics of (4) in its main body (note that (4) is a steady-state solution, and our wavemaker has Q-O for time <0, and Q from Eq. (5) for t>O).
In particular, the wave train has the expected wavelength and frequency. Its amplitude away from the wall exceeds that expected by tens of percent, however. This may be due to applying a linear, steady state analysis for waves that are nonlinear and initially transient. In any case, the wavemaker of (5) produces acceptably clean progressive waves of known frequency-wavelength content, which is good enough.
3C. Inflow-Outflow Conditions.
The goal of this development is to allow a steady current to flow through the computational channel; this differs from a frequently-required goal in computations, to let disturbances radiate out. The only coding change necessary in the running programs is to ensure that end wall boundary conditions are set to give a correct mass transport, surface velocity, and elevation that are appropriate for a steady, undisturbed flow. Consistency requires that if qs = us + n'vs ý us = U0
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at the wall (or vice versa).
Providing suitable input files is a little more subtle. Assuming that volume fluxes into and out of the channel are the same, we can have a steady flow in a given geometry, but only if the initial surface elevations and velocities are set at precise values; otherwise long waves propagate. These long waves would bounce around the channel at speeds of the order of unity, and upset both numerical stability and interpretation. After some trial and error, a satisfactory way of handling the input files was found. A channel geometry can be selected and long wave theory used to give n(x,t-0) that corresponds to a steady flow in this theory. 
where N is the grid point number, An is the magnitude of the depth change from end to end (-0.075 for Fig. 2) , and B expresses how gradually the change occurs (-0.005 for Fig. 2) . The velocity at the left was set to -0.100. With the profile of (9) A wairemaker is turned on at t -0 and makes waves at a fixed frequency such that the initial wavelength is 2wh 0 , ho being the undisturbed depth at the left. The spacing between successve profiles is sealed so that a feature that would travel at a speed N/Fbj would appear along a t 45* line on the figure. The calculations are run with Ax -At -1/8 for 1792 time steps (to t -224) in a computational region of 1600 grid points (to x -200). Fig. 1(c) Fig. l(f Th oiotladvria cae r h ae tt16
GRID POWN
POWF ig. l(e) --Details of the scene near the left wall at t -84
GRIl POINT Fig. 1(a) -The scene between x =132.375 (grid point 1083) and x -135.75 (grid point 1088).
The horizontal and vertical scales are the same: at t -296. 
